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Abstract 
The rock mass is usually damaged/fractured during the blasting. Quantitative investigation of the damaged depth is 
needed for stability of underground structures such as tunnels. This study deals with the blast-induced damage 
identification of rock mass using the surface wave method based on wavelet transformation. A series of site test were 
conducted on the granite rock walls for fresh and damaged zones. The damaged depth is determined by comparing 
the attenuation coefficients, which are obtained from the wavelet coefficients. The results indicate that wavelet 
transform analysis provides an easy method to evaluate the blast-induced damage in the rock mass. 
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1. INTRODUCTION
The rock mass is usually damaged/fractured during the blasting. Investigation of the damaged state and 
depth is needed for stability of underground structures such as tunnels. Scaling, shotcreting and rock 
bolting are usually used for rock stabilization.  
Generally, the blast-induced damage of rock mass can be evaluated by two common techniques: rock 
core drilling and geophysical techniques. While rock core drilling is used to assess the fractures inside 
rock mass by providing rock samples, the method is expensive and technically difficult for horizontal 
core drilling. Recently, the geophysical techniques have been used for many applications (Sanny and 
Sassa 1996, Scott 1997, Scott et al. 1997, Friedel et al. 1997, Lo et al. 1991, Zou and Wu 2001). 
This study deals with the blast-induced damage identification of rock mass using the surface wave 
method based on wavelet transformation. The brief explanation of wavelet transform and attenuation 
coefficient is given. A series of site test were conducted on the granite rock walls in fresh and damaged 
zones to estimate the attenuation coefficient. The damaged depth is determined by comparing the 
attenuation coefficient.  
2. WAVELET TRANSFORM AND ATTENUATION COEFFICIENT 
Mathematically, the wavelet transform of a signal is the cross-correlation of the signal with a wavelet 
of varying central frequency. Thus, its physical meaning is to identify similarities between the signal and 
the wavelet kernel, which represents the time shifted wavelet along the signal. The wavelet transform is 
defined as a summation of a signal multiplied by the dilated, contracted, or shifted translated wavelet in 
continuous time 
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where, f(t) = the original signal, \(t) = the mother wavelet, u = the translating parameter (i.e., the 
wavelet is time-shifted according to u), s = the scaling (e.g., dilating or contracting) parameter (i.e., the 
wavelet is time-scaled as indicated by s), and the asterisk * denotes the complex conjugate. The 
normalizing factor s1  ensures energy conservation during the wavelet transformation. 
Considering that the amplitudes of wave decrease exponentially with distance such as 
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where A, A0 = values of the amplitudes of a wavefront at two points x apart and Į = the attenuation 
coefficient, the attenuation coefficient is obtained using wavelet coefficients:  
x
WTcoeff
WTcoeffn »
¼
º
«
¬
ª
 1
2"
D                                                                                                          (3) 
The wavelet coefficient is defined as |Wf(u,s)|2, which means the scalogram of the original signal and 
can be indicated by the contour map. Thus, the wavelet coefficient identifies the magnitude of energy at a 
specific frequency.  
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3. SITE TEST AND RESULTS 
The test site is located in Kangwon Province in Korea. Figure 1 shows the test site and Figure 2 shows 
the location of source and receivers.  
A series of site test were conducted on the granite rock walls in fresh and damaged zones. Figure 3 
shows the results of original signal, FFT (Fast Fourier Transform) and WT (wavelet transform) for 
receiver # 1 in the damaged rock zone. While FFT result indicates the specific frequency in 7~8 kHz, WT 
result shows the largest energy distribution at the frequency of 7.75 Hz. 
The wavelet coefficients with respect to time at the frequency of 7.75 kHz are shown in Figure 4 for 
two receivers. The largest wavelet coefficients are 681.3 and 80.33 for receivers #1 and #2, respectively. 
This may indicate that the energy in receiver #1 is reduced by about 11.79% in receiver #2. 
The same test and analysis were repeated for the fresh rock mass zone. WT result shows the largest 
energy at the frequency of 12 kHz. The largest wavelet coefficients are 307.7 and 164.7 for receivers #1 
and #2, respectively, which indicate the energy reduction of 53.52%. 
Table 1 shows the results of wave velocity and attenuation coefficient with the variation of depth. As 
expected, the wave velocities in the damage zone are less than that of fresh zone. It is noted that the 
attenuation coefficients in the damage zone are much larger than that of fresh zone. Thus, the damaged 
depth can be estimated around 16 cm. 
4. CONCLUSIONS 
The blast-induced damage identification of rock mass using the surface wave method based on wavelet 
transformation has been presented. Through a series of site tests on the granite rock walls for fresh and 
damaged zones, the damaged depth is determined by comparing the attenuation coefficients, which are 
obtained from wavelet coefficients. The proposed wavelet transform analysis provides an easy method to 
evaluate the blast-induced damage in the rock mass. 
Figure 1: Test site.; Figure 2: Location of source and receivers.  
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Figure 3: Original signal, FFT and WT (receiver #1). 
(a) 
(b) 
Figure 4: Wavelet coefficients with respect to time; (a) receiver #1; (b) receiver #2 
3146  S.W. LEE et al. / Procedia Engineering 14 (2011) 3142–3146
Table 1: Wave velocity and attenuation coefficient 
Distance (cm) Time difference (sec) Wave velocity (m/sec) Į 
0 0.000160  1250.00  10.69  
2 0.000180  1111.11  7.94  
4 0.000210  952.38  9.85  
6 0.000100  2000.00  7.49  
8 0.000240  833.33  8.94  
12 0.000140  1428.57  10.77  
16 0.000100  2000.00  4.17  
Fresh 0.000050  4000.00  3.13  
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